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Statement  of  the  Problem  Studied: 


The  aim  of  this  work  was  the  design  and  synthesis  of  new  polymers  for  membr^e  applications. 
Specific  uses  are  anticipated  in  high  oxygen  transmission  films  with  the  exclusion  of  organic  liquids 
or  vapors;  in  membranes  for  the  capture  of  toxic  or  radioactive  metal  ions;  and  in  "smart" 
membranes  where  the  permeability  can  be  controlled  by  temperature  or  pH  changes.  The  new  high 
oxygen  transmission  membranes  synthesized  are  based  on  a  polyphosphazene  platform  with  both 
fluoroalkoxy  and  adamantyl  side  groups.  The  metal  capture  membranes  utilize  a  polyphosphazene 
backbone  and  sulfur-containing  aliphatic  side  groups.  The  "smart"  membranes  utilize  a 
polyphosphazene  backbone  and  hydrophilic  alkoxy-ether  side  groups  or  side  units  with  carboxylic 
acid  terminal  units.  The  permeability  of  these  membranes  is  controlled  by  lower  critical  solution 
temperature  (LCST)  behavior  and  by  pH  changes.  In  addition,  new  methods  for  crosslinking 
membranes  and  modifying  their  surfaces  have  been  developed.  The  new  membranes  are  of 
potential  utility  in  protective  clothing,  toxic  waste  cleanup,  and  in  advanced  protective  surface 
coatings. 

Summary  of  the  Most  Important  Results: 

The  program  is  based  on  the  use  of  one  of  the  most  versatile  polymer  systems  available-the 
polyphosphazenes— to  generate  a  range  of  new  properties  that  are  needed  for  the  development  of 
advanced  membranes.  The  underlying  principle  being  used  makes  use  of  the  unusual  method  of 
synthesis  developed  for  these  polymers.  The  process  utilizes  the  high  reactivity  of 
poly(dichlorophosphazene)  as  a  starting  material  for  the  introduction  of  different  organic  side  groups 
by  macromolecular  chlorine  replacement  reactions.  Different  organic  side  groups  generate  different 
combinations  of  properties,  including  varying  small-molecule  permeation  rates,  the  ability  to 
coordinate  to  metal  ions,  the  capacity  to  form  hydrogels  or  water-insoluble  materials,  and  surface 
hydophobicity  or  hydrophilicity. 

This  project  was  initiated  in  an  earlier  phase  of  ARO  support  by  an  exploratory  investigation  of 
different  ways  to  selectively  remove  cations  from  liquid  phase  media.  The  approach  used  two 
polyphosphazenes— one  water-soluble  (I)  and  the  other  water-insoluble  (11),  for  the  formation  of 
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interpenetrating  polymer  networks  (IPN’s)  with  organic  polymers  that  carried  metal  coordination 
sites  such  as  phosphate,  sulfonic  acid,  carboxylic  acid,  or  amine  units.  Membranes  derived  from 
these  polymers  were  characterized  by  a  variety  of  techniques  including  electron  microscopy  and 
x-ray  microanalysis.  The  IPN’s  were  shown  to  selectively  remove  metal  ions  such  as  iron,  copper, 
silver,  or  mercury.  In  principle,  these  or  similar  membranes  may  be  useful  for  toxic  waste  cleanup 

procedures. 


In  the  most  recent  work,  a  successful  attempt  has  been  made  to  prepare  new  membrane 
materials  via  the  introduction  of  2-butenoxy  or  4-ally Iphenylphenoxy  groups  into  polyphosphazenes. 
-These  unsaturated  side  units  were  then  employed  (a)  as  cross-linking  sites  to  stabilize  membranes 
and  IPN’s,  and  (b)  as  reactive  units  for  the  linkage  of  organosilicon  side  groups.  The  purpose  of  this 
latter  approach  was  to  provide  a  method  for  the  preparation  of  hybrid  polyphosphazene-silicone 
polymer  systems.  Silicone  polymers  are  widely  valued  for  their  oxygen  transmission  properties,  but 
suffer  from  ease  of  deformability  and  lack  of  physical  strength.  The  hybrid  polymers  are  designed  to 
combine  the  strength  of  polyphosphazenes  with  the  high  oxygen  permeability  of  silicones  in  systems 
that  could  perhaps  be  used  in  protective  clothing  or  related  devices. 
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